Carbopol-mediated paracellular transport enhancement in Calu-3 cell layers.
The interaction of Carbopol polymers with mucus producing Calu-3 human bronchial epithelial cells was evaluated to test for potential paracellular transport enhancement. Using desmopressin (1-deamino-8-arginine-vasopressin, DDAVP) as the model peptide, apical treatment with Carbopol polymer gel formulations resulted in molecular size-dependent permeability enhancement with a concomitant drop in the transepithelial electrical resistance (TEER). Permeability enhancement of DDAVP was dependent on the formulation vehicle composition and polymer concentration, was noncytotoxic, and completely reversible. Carbopol 971P displayed the greatest permeability enhancement across Calu-3 cells compared to other more viscous Carbopol polymers 934P and 974P, and other mucoadhesive cellulosic polymers. The greatest enhancement was observed when C971P formulation was prepared in water at a concentration of 0.25% w/v. Enhancement was confirmed in rabbit dosed with intranasal fluorescent dextran 4400. The C(max) and absorption rate each increased by 48% in C971P formulations compared to control, while the relative exposure increased 30%. In conclusion, Carbopol polymers are potentially useful excipients to enhance intranasal peptide absorption. We hypothesize that the permeation enhancement is related to the chelation of extracellular or tight-junctional Ca(2+) by charged polymer carboxylate groups that leads to temporary disruption of tight-junctions, thereby facilitating paracellular transport.